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The New World of Speech Technology
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The Opportunity

A 22B microphones by 2020

A /B phones + radios + TVs delivering voice
A YouTube uploads: 13B minutes per year
A 200T minutes per year of device interaction

A 1Q words per year in voice calls

Speech Market Growth: 38.3%

-Statista 2018: speech recognition technology market 2016-2014
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Al meets speech
more sophisticated models, more data, more training
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Technology C Product C Customers C End Users

End user: Consumer audio/video sharer:
their problem Recording in the real world
Customers

Product: Platform-optimized solutions =|.

Product: Deep learning speech
software

Select Media File
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Speech Enhancement

Technology: Unique data-sets and
training

Compute

Algorithms
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Clear Speech Everywhere

In production for real-world video sharing, production, streaming, and audio

Foundation to
product release
In 28 weeks!
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Common product delivered across platforms

Primary products

Cloud API

host=api.babblelabs.com
token=$(cat token.txt) #token.txt
created by login.sh

$ C EmailAd

On-Device License

For visibility and demonstration

Start

@ Select Media File
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What is Speech Ennhancment




Human i Human Interface Challenges
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Human 1 Machine Interface Challenges
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BabbleLabs Answer to these Challenges: Clear Cloud™
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Outline

A bit about noisy speech
Traditional speech enhancement

Deep neural network approaches
Closing thoughts

y babblelabs



Acoustic Impairments Model
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Solutions to Acoustic Impairments
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A speech enhancement

@ lIlllllll A source separation
dh

A beamforming
A dereverberation
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Classes of
Speech Sounds

ARPABET
Phonetic Symbols

Phone Phoneme

Vowel iy, ih, eh, ey, ae, Ad,

aw, ay, ah, ao, oy, ow,

uh, uw, ux, er, AX, ix,

axr, axh
Semivowel | 1w, y, hh, hv, el
Affricate jh, ch
Stops D, d, g, .tk dx, g

Nasal M, n, ng, em, en, eng,

nx

Fricative s, sh, Z, zh, f, th, v, dh
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The best way to learn is to solve extra problems.
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Speech Spectrum

Fundamental
Frequency FO
(e.g. ~150Hz)

-40

Formant F1
Associated w/
size of mouth

opening;
proportional to

frequency
e.g. AA ~580Hz

Spectral
Characteristics

Frequency Range [HZz]

Fundamental Females/Children: 200 to 400
Frequency, FO Males: 60 to 150

Harmonics Up to 20K

Hearing Range 20 to 20K

Typical Audio Sampling
Rates

In KHz: 8 (Telephony), 11.025, 22.05 (MP3s),
32 (Cassette), 44.1 (CD), 48 (DVD)

Formant F2
Associated w/
changes in oral
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Harmonics

wechPo cavity suchas
tongue position
and lip activity

Formant F3
Associated w/ a
front vs. back
constriction in

oral cavity

Sine-wave speech: formants are estimated
o and used to synthesize speech.
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4 5 6 7 8
Frequency (kHz)

Examples generated using Dan Ellis SW from:
http://www.ee.columbia.edu/In/rosa/matlab/sws/



Noise and Speech Levels

Classroom, Trains,
Level [dB] Hospital Airplanes Restaurants
Home, Store
Speech SPL 60 to 70 60 to 70 60 to 70
Noise SPL 50 to 55 70to 75 59 to 80
SNR +5 to +20 -15t0 0 -20to +11

SPL: Sound Pressure Level relative to threshold of human hearing
(20 micro-Pascals (force per square meter) ~mosquito flying 3m away)
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Sirens X
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Strong, structured frequency modulated tones & overtones
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Wind Noise
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Strong low frequency bursts + stationary broad spectrum
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Frequency (kHz)
N
I
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Broad, non-stationary spectrum in speech range
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